
WSDOT Bridge Design Manual M 23-50.03 Page v 
March 2010 

Chapter 1 General Information 
1.1 Manual Description 1.1-1

1.1.1 Purpose 1.1-1
1.1.2	 Specifications	 1.1-1
1.1.3	 Format	 1.1-1
1.1.4	 Revisions	 1.1-3

1.2 Bridge and Structures Office Organization 1.2-1
1.2.1	 General	 1.2-1
1.2.2	 Organizational	Elements	of	the	Bridge	Office	 1.2-1
1.2.3	 Design	Unit	Responsibilities	and	Expertise	 1.2-5

1.3 Quality Control/Quality Assurance (QC/QA) Procedure 1.3-1
1.3.1	 General	 1.3-1
1.3.2	 Design/Check	Procedures	 1.3-2
1.3.3	 Design/Check	Calculation	File	 1.3-10
1.3.4	 PS&E	Review	Period	 1.3-11
1.3.5	 Addenda	 1.3-11
1.3.6	 Shop	Plans	and	Permanent	Structure	Construction	Procedures	 1.3-12
1.3.7	 Contract	Plan	Changes	(Change	Orders	and	As-Builts)	 1.3-14
1.3.8	 Archiving	Design	Calculations,	Design	Files,	and	S&E	Files	 1.3-16
1.3.9	 Public	Disclosure	Policy	Regarding	Bridge	Plans	 1.3-17
1.3.10	 Use	of	Computer	Software	 1.3-17

1.4 Coordination With Other Divisions and Agencies 1.4-1
1.4.1	 Preliminary	Planning	Phase	 1.4-1
1.4.2	 Final	Design	Phase	 1.4-1

1.5 Bridge Design Scheduling 1.5-1
1.5.1	 General	 1.5-1
1.5.2	 Preliminary	Design	Schedule	 1.5-1
1.5.3	 Final	Design	Schedule	 1.5-1

1.6 Guidelines for Bridge Site Visits 1.6-1
1.6.1	 Bridge	Rehabilitation	Projects	 1.6-1
1.6.2	 Bridge	Widening	and	Seismic	Retrofits	 1.6-1
1.6.3	 Rail	and	Minor	Expansion	Joint	Retrofits	 1.6-1
1.6.4	 New	Bridges	 1.6-1
1.6.5	 Bridge	Demolition	 1.6-2
1.6.6	 Proximity	of	Railroads	Adjacent	to	the	Bridge	Site	 1.6-2

1.99 Bibliography 1.99-1

Appendix	1.1-A1	 BDM	Revision	QA/QC	Worksheet		 1.1-A1-1
Appendix	1.5-A1	 Breakdown	of	Project	Manhours	Required	Form	 1.5-A1-1
Appendix	1.5-A2	 Monthly	Project	Progress	Report	Form	 1.5-A2-1
Appendix	1.5-A3	 QA/QC	Signature	Sheet	 1.5-A3-1



Page vi WSDOT Bridge Design Manual M 23-50.03 
 March 2010

Contents 

Chapter 2 Preliminary Design 

2.1 Preliminary Studies 2.1-1
2.1.1	 Interdisciplinary	Design	Studies	 2.1-1
2.1.2	 Value	Engineering	Studies	 2.1-1
2.1.3	 Preliminary	Recommendations	for	Bridge	Rehabilitation	Projects	 2.1-1
2.1.4 Preliminary	Recommendations	for	New	Bridge	Projects	 2.1-2
2.1.5 Type,	Size,	and	Location	(TS&L)	Reports	 2.1-2

2.2 Preliminary Plan 2.2-1
2.2.1 Development	of	the	Preliminary	Plan	 2.2-1
2.2.2 Documentation	 2.2-2
2.2.3 General	Factors	for	Consideration	 2.2-3
2.2.4 Permits	 2.2-5
2.2.5 Preliminary	Cost	Estimate	 2.2-6
2.2.6 Approvals	 2.2-6

2.3 Preliminary Plan Criteria 2.3-1
2.3.1 Highway	Crossings	 2.3-1
2.3.2 Railroad	Crossings	 2.3-4
2.3.3 Water	Crossings	 2.3-6
2.3.4	 Bridge	Widenings	 2.3-8
2.3.5	 Detour	Structures	 2.3-9
2.3.6	 Retaining	Walls	and	Noise	Walls	 2.3-9
2.3.7 Bridge	Deck	Drainage	 2.3-9
2.3.8 Bridge	Deck	Protective	Systems	 2.3-9
2.3.9 Construction	Clearances	 2.3-10
2.3.10 Design	Guides	for	Falsework	Depth	Requirements	 2.3-10
2.3.11 Inspection	and	Maintenance	Access	 2.3-11

2.4 Selection of Structure Type 2.4-1
2.4.1	 Bridge	Types	 2.4-1
2.4.2	 Wall	Types	 2.4-6

2.5 Aesthetic Considerations 2.5-1
2.5.1	 General	Visual	Impact	 2.5-1
2.5.2	 End	Piers	 2.5-1
2.5.3	 Intermediate	Piers	 2.5-2
2.5.4	 Barrier	and	Wall	Surface	Treatments	 2.5-2
2.5.5	 Superstructure	 2.5-3

2.6 Miscellaneous 2.6-1
2.6.1	 Structure	Costs	 2.6-1
2.6.2	 Handling	and	Shipping	Precast	Members	and	Steel	Beams	 2.6-1
2.6.3	 Salvage	of	Materials	 2.6-1



WSDOT Bridge Design Manual M 23-50.03 Page vii 
March 2010 

 Contents

2.7 WSDOT Standard Highway Bridge 2.7-1
2.7.1	 Design	Elements	 2.7-1
2.7.2	 Detailing	the	Preliminary	Plan	 2.7-3

2.99 Bibliography 2.99-1
Appendix	2.2-A1	 Bridge	Site	Date	General  2.2-A1-1
Appendix	2.2-A2	 Bridge	Site	Date	Rehabilitation	 2.2-A2-1
Appendix	2.2-A3	 Bridge	Site	Date	Stream	Crossing 2.2-A3-1
Appendix	2.2-A4	 Preliminary	Plan	Checklist	 2.2-A4-1
Appendix	2.3-A1	 Bridge	Stage	Construction	Comparison	 2.3-A1-1

2.3-A2-1  2.3-A2-1
2.4-A1-1  2.4-A1-1
2.7-A1-1  2.7-A1-1

2-B-1	 	 2-B-1
2-B-2	 	 2-B-2
2-B-3	 	 2-B-3
2-B-4	 	 2-B-4
2-B-5	 	 2-B-5
2-B-6	 	 2-B-6
2-B-7	 	 2-B-7
2-B-8	 	 2-B-8
2-B-9	 	 2-B-9



Page viii WSDOT Bridge Design Manual M 23-50.03 
 March 2010

Contents 

Chapter 3 Loads
3.1 Scope 3.1-1

3.2 Definitions 3.2-1

3.3 Load Designations 3.3-1

3.4 Limit States 3.4-1

3.5 Load Factors and load combinations 3.5-1
3.5.1	 Load	Factors	for	Substructure	 3.5-2

3.6 Loads and Load factors for construction  3.6-1

3.7 Load factors for Post-tensioning 3.7-1
3.7.1	 Post-tensioning	Effects	from	Superstructure		 3.7-1
3.7.2	 Secondary	Forces	from	Post-Tensioning,	PS	 3.7-1

3.8 Permanent Loads 3.8-i
3.8.1	 Deck	Overlay	Requirement	 3.8-i

3.9 Live Loads 3.9-1
3.9.1	 Live	Load	Designation	 3.9-1
3.9.2	 Live	Load	Analysis	of	Continuous	Bridges	 3.9-1
3.9.3	 Loading	for	Live	Load	Deflection	Evaluation	 3.9-1
3.9.4	 Distribution	to	Superstructure	 3.9-1

3.10 Pedestrian Loads 3.10-1

3.11 Wind Loads 3.11-1
3.11.1	 Wind	Load	to	Superstructure	 3.11-1
3.11.2	 Wind	Load	to	Substructure	 3.11-1
3.11.3	 Wind	on	Noise	Walls	 3.11-1

3.12 Noise Barriers 3.12-1

3.13 Earthquake Effects 3.13-1

http://www.wsdot.wa.gov/publications/manuals/fulltext/M23-50/Chapter3.pdf


WSDOT Bridge Design Manual M 23-50.03 Page ix 
March 2010 

 Contents

3.14 Earth Pressure 3.14-1

3.15 Force Effects due to superimposed deformations 3.15-1

3.16 Other Loads 3.16-1
3.16.1	 Buoyancy	 3.16-1
3.16.2	 Collision	Force	on	Bridge	Substructure	 3.16-1
3.16.3	 Collision	Force	on	Traffic	Barrier	 3.16-1
3.16.4	 Force	from	Stream	Current,	Floating	Ice,	and	Drift	 3.16-1
3.16.5	 Ice	Load	 3.16-1

3.99 Bibliography 3.99-1

Appendix	3.1-A1	 Torsional	Constants	of	Common	Sections	 3.1-A1-1

Appendix	3.1-B1	 HL-93	Loading	for	Bridge	Piers	 3.1-B1-1

Chapter 4 Seismic Design and Retrofit
4.1 General 4.1-1

4.2 WSDOT Modifications to AASHTO Guide specifications for 
LRFD Seismic Bridge Design 4.2-1

4.3 Seismic Analysis and Retrofit Design of Existing Bridges 4.3-1
4.3.1	 General	 4.3-1
4.3.2	 Seismic	Analysis	Requirements	 4.3-1
4.3.3	 Seismic	Retrofit	Design	 4.3-1
4.3.4	 Computer	Analysis	Verification	 4.3-6
4.3.5	 Earthquake	Restrainers	 4.3-6

4.99 Bibliography 4.99-1

Appendix	4.1-A1	 Earthquake	Probability	-	Poisson	Model	 4.1-A1-1

Appendix	4.6-B1	 Design	Examples	of	Seismic	Retrofits	 4.6-B1-1

http://www.wsdot.wa.gov/publications/manuals/fulltext/M23-50/Chapter4.pdf


Page x WSDOT Bridge Design Manual M 23-50.03 
 March 2010

Contents 

Chapter 5 Concrete Structures
5.0 General 5.0-1

5.1 Material Properties 5.1-1
5.1.1	 Concrete	Properties		 5.1-1
5.1.2	 Reinforcing	Steel	 5.1-6
5.1.3	 Prestressing	Steel	 5.1-13
5.1.4	 Prestress	Losses	 5.1-17
5.1.5	 Prestressing	Anchorage	Systems	 5.1-22
5.1.6	 Ducts	 5.1-22

5.2 Design Consideration 5.2-1
5.2.1	 Design	Limit	States	 5.2-1
5.2.2	 Design	Criteria		 5.2-1
5.2.3	 Service	Limit	State	 5.2-2
5.2.4	 Strength	Limit	State	 5.2-3
5.2.5	 Strut-and-tie	Model	 5.2-13
5.2.6	 Deflection	and	Camber	 5.2-13
5.2.7	 Serviceability	 5.2-15
5.2.8	 Connections	(Joints)	 5.2-15
5.2.9	 Revised	Provisions	for	Flexural	Design	 5.2-16
5.2.10	 Shrinkage	and	Temperature	Reinforcement	 5.2-20
5.2.11	 Minimum	Reinforcement	Requirement	 5.2-21

5.3 Reinforced Concrete Box Girder Bridges 5.3-1
5.3.1	 Box	Girder	Basic	Geometries	 5.3-1
5.3.2		 Reinforcement	 5.3-6
5.3.3	 Crossbeam	 5.3-14
5.3.4	 End	Diaphragm	 5.3-19
5.3.5	 Dead	Load	Deflection	and	Camber	 5.3-22
5.3.6	 Thermal	Effects	 5.3-23
5.3.7		 Hinges	 5.3-23
5.3.8	 Utility	Openings	 5.3-23

5.4 Hinges and Inverted T-Beam Pier Caps 5.4-1

5.5 Bridge Widenings 5.5-1
5.5.1 Review	of	Existing	Structures	 5.5-1
5.5.2	 Analysis	and	Design	Criteria	 5.5-2
5.5.3	 Removing	Portions	of	the	Existing	Structure	 5.5-6
5.5.4	 Attachment	of	Widening	to	Existing	Structure	 5.5-7
5.5.5	 Expansion	Joints	 5.5-18
5.5.6	 Possible	Future	Widening	for	Current	Designs	 5.5-20
5.5.7	 Bridge	Widening	Falsework	 5.5-20
5.5.8	 Existing	Bridge	Widenings	 5.5-20

http://www.wsdot.wa.gov/publications/manuals/fulltext/M23-50/Chapter5.pdf


WSDOT Bridge Design Manual M 23-50.03 Page xi 
March 2010 

 Contents

5.6 Precast Prestressed Girder Superstructures 5.6-1
5.6.1	 WSDOT	Standard	Prestressed	Girders	 5.6-1
5.6.2		 Criteria	for	Girder	Design	 5.6-4
5.6.3	 Fabrication	and	Handling	 5.6-12
5.6.4	 Superstructure	Optimization	 5.6-16
5.6.5	 Repair	of	Damaged	Girders	at	Fabrication	 5.6-20
5.6.6	 Repair	of	Damaged	Bridge	Girders	 5.6-21
5.6.7	 Short	Span	Precast	Prestressed	Bridges	 5.6-23
5.6.8	 Prestressed	Concrete	Precast	Tub	Girders	 5.6-24
5.6.9	 Prestressed	Girder	Checking	Requirement	 5.6-24
5.6.10	 Review	of	shop	plans	for	pretensioned	girders	 5.6-25

5.7 Roadway Slab 5.7-1
5.7.1	 Roadway	Slab	Requirements	 5.7-1
5.7.2	 Slab	Reinforcement	 5.7-3
5.7.3	 Stay-In-Place	Deck	Panels	 5.7-9
5.7.4	 Concrete	Bridge	Deck	Protection	Systems	 5.7-10

5.8 Cast-in-Place Post-tensioned Bridges 5.8-1
5.8.1	 Design	Parameters	 5.8-1
5.8.2	 Analysis	 5.8-10
5.8.3	 Post-tensioning		 5.8-12
5.8.4	 Shear	 5.8-17
5.8.5		 Temperature	Effects	 5.8-19
5.8.6	 Construction	 5.8-20
5.8.7	 Post-Tensioning	Notes	—	Cast-in-Place	Girders	 5.8-22

5.9 Spliced Precast Girders 5.9-1
5.9.1	 Definitions	 5.9-1
5.9.2	 WSDOT	Criteria	for	use	of	Spliced	Girders	 5.9-2
5.9.3	 Girder	Segment	Design	 5.9-3
5.9.4	 Joints	Between	Segments	 5.9-4
5.9.5	 Review	of	shop	plans	for	precast	post-tensioned	spliced-girders	 5.9-5
5.9.6	 Post-Tensioning	Notes	~	Precast	Post-Tensioning	Spliced-Girders	 5.9-6

5.99 Bibliography 5.99-1

Appendix	5.1-A1	 Standard	Hooks	 5.1-A1-1
Appendix	5.1-A2	 Minimum	Reinforcement	Clearance	and	Spacing	for	 

Beams	and	Columns	 5.1-A2-1
Appendix	5.1-A3	 Reinforcing	Bar	Properties	 5.1-A3-1
Appendix	5.1-A4	 Tension	Development	Length	of	Deformed	Bars	 5.1-A4-1
Appendix	5.1-A5	 Compression	Development	Length	and	Minimum	 

Lap	Splice	of	Grade	60	Bars	 5.1-A5-1
Appendix	5.1-A6	 Tension	Development	Lengthof	90º	and	 

180º	Standard	Hooks	 5.1-A6-1
Appendix	5.1-A7	 Tension	Lap	Splice	Lengths	of	Grade	60	Uncoated	Bars	~	 

Class	B	 5.1-A7-1
Appendix	5.1-A8	 Prestressing	Strand	Properties	and	Development	Length	 5.1-A8-1
Appendix	5.2-A1	 Working	Stress	Design	 5.2-A1-1



Page xii WSDOT Bridge Design Manual M 23-50.03 
 March 2010

Contents 

Appendix	5.2-A2	 Working	Stress	Design	 5.2-A2-1
Appendix	5.2-A3	 Working	Stress	Design	 5.2-A3-1
Appendix	5.3-A1	 Positive	Moment	Reinforcement	 5.3-A1-1
Appendix	5.3-A2	 Negative	Moment	Reinforcement	 5.3-A2-1
Appendix	5.3-A3	 Adjusted	Negative	Moment	Case	I	 

(Design	for	M	@	Face	of	Support)	 5.3-A3-1
Appendix	5.3-A4	 Adjusted	Negative	Moment	Case	II	 

(Design	for	M	@	1/4	Point)	 5.3-A4-1
Appendix	5.3-A5	 Cast-In-Place	Deck	Slab	Design	for	Positive	 

Moment	Regions	f'c=4,	0	ksi	 5.3-A5-1
Appendix	5.3-A6	 Cast-In-Place	Deck	Slab	Design	for	Negative	 

Moment	Regions	f'c=4,	0	ksi	 5.3-A6-1
Appendix	5.3-A7	 Slab	Overhang	Design-Interior	Barrier	Segment	 5.3-A7-1
Appendix	5.3-A8	 Slab	Overhang	Design-End	Barrier	Segment	 5.3-A8-1
Appendix	5.6-A1-1A	 Span	Capability	of	Prestressed	W	Girders	with	 

Future	Wearing	Surface	 5.6-A1-1A	-1
Appendix	5.6-A1-1B	 Span	Capability	of	W	Girders	without	Future	 

Wearing	Surface	 5.6-A1-1B-1
Appendix	5.6-A1-2A	 Span	Capability	of	Prestressed	Wide	Flange	Girders	 

with	Future	Wearing	Surface	 5.6-A1-2A-1
Appendix	5.6-A1-2B	 Span	Capability	of	Prestressed	Wide	Flange	Girders	 

without	Future	Wearing	Surface	 5.6-A1-2B-1
Appendix	5.6-A1-3	 Span	Capability	of	Thin	Flange	Bulb	Tee	Girders	 5.6-A1-3-1
Appendix	5.6-A1-4	 Span	Capability	of	Trapezoidal	Tub	Girders	without	 

Top	Flange	 5.6-A1-4-1
Appendix	5.6-A1-5	 Span	Capability	of	Trapezoidal	Tub	Girders	with  

Top	Flange	for	S-I-P	Deck	Panels	 5.6-A1-5-1
Appendix	5.6-A1-6 Span	Capability	of	1'-0"	Solid	Slabs	with	5"	CIP	Topping	 5.6-A1-6-1
Appendix	5.6-A1-7	 Span	Capability	of	1'-6"	Voided	Slab	with	5"	CIP	Topping	 5.6-A1-7-1
Appendix	5.6-A1-8 Span	Capability	of	2'-2"	Voided	Slab	with	5"	CIP	Topping	 5.6-A1-8-1
Appendix	5.6-A1-9 Span	Capability	of	Precast	Prestressed	 

Double	Tee	Girders	 5.6-A1-9-1
Appendix	5.6-A1-10	 Span	Capability	Precast	Prestressed	Ribbed	Girders	 5.6-A1-10-1
Appendix	5.6-A1-11	 Span	Capability	of	Deck	Bulb	Tee	Girders	 5.6-A1-11-1
Appendix	5.6-A1-12	 Span	Capability	of	Post-Tensioned	Spliced	I-Girders	 5.6-A1-12-1
Appendix	5.6-A1-13	 Span	Capability	of	Post-Tensioned	Spliced	Tub	Girders	 5.6-A1-13-1
Appendix	5.6-A1-1	 I-Girder	Section	 5.6-A1-1
Appendix	5.6-A1-2	 Decked	Girder	Section	 5.6-A1-2
Appendix	5.6-A1-3	 Spliced-Girder	Section	 5.6-A1-3
Appendix	5.6-A1-4	 Tub	Section	 5.6-A1-4
Appendix	5.6-A2-1	 Single	Span	Prestressed	Girder	Construction	Sequence	 5.6-A2-1
Appendix	5.6-A2-2	 Multiple	Span	Prestressed	Girder	Construction	Sequence	 5.6-A2-2
Appendix	5.6-A2-3	 Raised	Crossbeam	Prestressed	Girder	Construction	 

Sequence	 5.6-A2-3
Appendix	5.6-A3-1	 W42G	Girder	Details	1	of	2	 5.6-A3-1
Appendix	5.6-A3-2	 W42G	Girder	Details	2	of	2	 5.6-A3-2
Appendix	5.6-A3-3	 W42G	End	Diaphragm	on	Girder	Details	 5.6-A3-3
Appendix	5.6-A3-4	 W42G	Abutment	Type	Pier	Diaphragm	Details	 5.6-A3-4
Appendix	5.6-A3-5	 W42G	Fixed	Flush-Face	Diaphragm	at	Intermediate	 

Pier	Details	 5.6-A3-5
Appendix	5.6-A3-6	 W42G	Fixed	Recessed-Face	Diaphragm	at	Intermediate	 

Pier	Details	 5.6-A3-6
Appendix	5.6-A3-7	 W42G	Hinge	Diaphragm	at	Intermediate	Pier	Details	 5.6-A3-7
Appendix	5.6-A3-8	 W42G	Intermediate	Diaphragm	Details	 5.6-A3-8



WSDOT Bridge Design Manual M 23-50.03 Page xiii 
March 2010 

 Contents

Appendix	5.6-A3-9	 W42G	Miscellaneous	Bearing	Details	 5.6-A3-9
Appendix	5.6-A4-1	 W50G	Girder	Details	1	of	2	 5.6-A4-1
Appendix	5.6-A4-2	 W50G	Girder	Details	2	of	2	 5.6-A4-2
Appendix	5.6-A4-3	 W50G	End	Diaphragm	on	Girder	Details	 5.6-A4-3
Appendix	5.6-A4-4	 W50G	Abutment	Type	Pier	Diaphragm	Details	 5.6-A4-4
Appendix	5.6-A4-5	 W50G	Fixed	Flush-Face	Diaphragm	at	Intermediate	 

Pier	Details	 5.6-A4-5
Appendix	5.6-A4-6	 W50G	Fixed	Recessed-Face	Diaphragm	at	Intermediate	 

Pier	Details	 5.6-A4-6
Appendix	5.6-A4-7	 W50G	Hinge	Diaphragm	at	Intermediate	Pier	Details	 5.6-A4-7
Appendix	5.6-A4-8	 W50G	Intermediate	Diaphragm	Details	 5.6-A4-8
Appendix	5.6-A4-9	 W50G	Miscellaneous	Bearing	Details	 5.6-A4-9
Appendix	5.6-A5-1	 W58G	Girder	Details	1	of	3	 5.6-A5-1
Appendix	5.6-A5-2	 W58G	Girder	Details	2	of	3	 5.6-A5-2
Appendix	5.6-A5-3	 W58G	Girder	Details	3	of	3	 5.6-A5-3
Appendix	5.6-A5-4	 W58G	End	Diaphragm	on	Girder	Details	 5.6-A5-4
Appendix	5.6-A5-5	 W58G	Abutment	Type	Pier	Diaphragm	Details	 5.6-A5-5
Appendix	5.6-A5-6	 W58G	Fixed	Flush-Face	Diaphragm	at	Intermediate	 

Pier	Details	 5.6-A5-6
Appendix	5.6-A5-7	 W58G	Fixed	Recessed-Faces	Diaphragm	at	Intermediate	 

Pier	Details	 5.6-A5-7
Appendix	5.6-A5-8	 W58G	Intermediate	Diaphragm	Details	 5.6-A5-8
Appendix	5.6-A5-9	 W58G	Miscellaneous	Bearing	Details	 5.6-A5-9
Appendix	5.6-A5-10	 W58G	Miscellaneous	Bearing	Details	 5.6-A5-10
Appendix	5.6-A6-1	 W74G	Girder	Details	1	of	3	 5.6-A6-1
Appendix	5.6-A6-2	 W74G	Girder	Details	2	of	3	 5.6-A6-2
Appendix	5.6-A6-3	 W74G	Girder	Details	3	of	3	 5.6-A6-3
Appendix	5.6-A6-4	 W74G	Abutment	Type	Pier	Diaphragm	Details	 5.6-A6-4
Appendix	5.6-A6-5	 W74G	Fixed	Flush-Face	Diaphragm	at	Intermediate	 

Pier	Details	 5.6-A6-5
Appendix	5.6-A6-6	 W74G	Fixed	Recessed-Face	Diaphragm	at	Intermediate	 

Pier	Details	 5.6-A6-6
Appendix	5.6-A6-7	 W74G	Hinge	Diaphragm	at	Intermediate	Pier	Details	 5.6-A6-7
Appendix	5.6-A6-8	 W74G	Intermediate	Diaphragm	Details	 5.6-A6-8
Appendix	5.6-A6-9	 W74G	Miscellaneous	Bearing	Details	 5.6-A6-9
Appendix	5.6-A6-10	 W74G	Miscellaneous	Bearing	Details	 5.6-A6-10
Appendix	5.6-A7-1	 Girder	Details	3	of	3	 5.6-A7-1
Appendix	5.6-A7-2	 Additional	Extended	Strands	 5.6-A7-2
Appendix	5.6-A7-3	 Miscellaneous	Bearing	Details	 5.6-A7-3
Appendix	5.6-A7-4	 WF42G	Girder	Details	1	of	3	 5.6-A7-4
Appendix	5.6-A7-5	 WF42G	Girder	Details	2	of	3	 5.6-A7-5
Appendix	5.6-A7-6	 WF42G	End	Diaphragm	on	Girder	Details	 5.6-A7-6
Appendix	5.6-A7-7	 WF42G	Abutment	Type	Pier	Diaphragm	Details	 5.6-A7-7
Appendix	5.6-A7-8	 WF42G	Fixed	Flush-Face	Diaphragm	at	Intermediate	 

Pier	Details	 5.6-A7-8
Appendix	5.6-A7-9	 WF42G	Fixed	Recessed-Face	Diaphragm	at	Intermediate	 

Pier	Details	 5.6-A7-9
Appendix	5.6-A7-10	 WF42G	Intermediate	Diaphragm	Details	 5.6-A7-10
Appendix	5.6-A7-11	 WF42G	Hinge	Diaphragm	at	Intermediate	Pier	Details	 5.6-A7-11
Appendix	5.6-A8-1	 WF50G	Girder	Details	1	of	3	 5.6-A8-1
Appendix	5.6-A8-2	 WF50G	Girder	Details	2	of	3	 5.6-A8-2
Appendix	5.6-A8-3	 WF50G	End	Diaphragm	on	Girder	Details	 5.6-A8-3
Appendix	5.6-A8-4	 WF50G	Abutment	Type	Pier	Diaphragm	Details	 5.6-A8-4



Page xiv WSDOT Bridge Design Manual M 23-50.03 
 March 2010

Contents 

Appendix	5.6-A8-5	 WF50G	Fixed	Flush-Face	Diaphragm	at	Intermediate	 
Pier	Details	 5.6-A8-5

Appendix	5.6-A8-6	 WF50G	Fixed	Recessed-Face	Diaphragm	at	Intermediate	 
Pier	Details	 5.6-A8-6

Appendix	5.6-A8-7	 WF50G	Hinge	Diaphragm	at	Intermediate	Pier	Details	 5.6-A8-7
Appendix	5.6-A8-8	 WF50G	Intermediate	Diaphragm	Details	 5.6-A8-8
Appendix	5.6-A9-1	 WF58G	Girder	Details	1	of	3	 5.6-A9-1
Appendix	5.6-A9-2	 WF58G	Girder	Details	2	of	3	 5.6-A9-2
Appendix	5.6-A9-3	 WF58G	End	Diaphragm	on	Girder	Details	 5.6-A9-3
Appendix	5.6-A9-4	 WF58G	Abutment	Type	Pier	Diaphragm	Details	 5.6-A9-4
Appendix	5.6-A9-5	 WF58G	Fixed	Flush-Face	Diaphragm	at	Intermediate	 

Pier	Details	 5.6-A9-5
Appendix	5.6-A9-6	 WF58G	Fixed	Recessed-face	Diaphragm	at	Intermediate	 

Pier	Details	 5.6-A9-6
Appendix	5.6-A9-7	 WF58G	Hinge	Diaphragm	at	Intermediate	Pier	Details	 5.6-A9-7
Appendix	5.6-A9-8	 WF58G	Intermediate	Diaphragm	Details	 5.6-A9-8
Appendix	5.6-A10-1	 WF74G	Girder	Details	1	of	3	 5.6-A10-1
Appendix	5.6-A10-2	 WF74G	Girder	Details	2	of	3	 5.6-A10-2
Appendix	5.6-A10-3	 WF74G	End	Diaphragm	on	Girder	Details	 5.6-A10-3
Appendix	5.6-A10-4	 WF74G	Abutment	Type	Pier	Diaphragm	Details	 5.6-A10-4
Appendix	5.6-A10-5	 WF74G	Fixed	Flush-Face	Diaphragm	at	Intermediate	 

Pier	Details	 5.6-A10-5
Appendix	5.6-A10-6	 WF74G	Fixed	Recessed-Face	Diaphragm	at	Intermediate	 

Pier	Details	 5.6-A10-6
Appendix	5.6-A10-7	 WF74G	Hinge	Diaphragm	at	Intermediate	Pier	Details	 5.6-A10-7
Appendix	5.6-A10-8	 WF74G	Intermediate	Diaphragm	Details	 5.6-A10-8
Appendix	5.6-A11-1	 WF83G	Girder	Details	1	of	3	 5.6-A11-1
Appendix	5.6-A11-2	 WF83G	Girder	Details	2	of	3	 5.6-A11-2
Appendix	5.6-A11-3	 WF83G	End	Diaphragm	on	Girder	Details	 5.6-A11-3
Appendix	5.6-A11-4	 WF83G	Abutment	Type	Pier	Diaphragm	Details	 5.6-A11-4
Appendix	5.6-A11-5	 WF83G	Fixed	Flush-Face	Diaphragm	at	Intermediate	 

Pier	Details	 5.6-A11-5
Appendix	5.6-A11-6	 WF83G	Fixed	Recessed-Face	Diaphragm	at	Intermediate	 

Pier	Details	 5.6-A11-6
Appendix	5.6-A11-7	 WF83G	Hinge	Diaphragm	at	Intermediate	Details	 5.6-A11-7
Appendix	5.6-A11-8	 WF83G	Intermediate	Diaphragm	Details	 5.6-A11-8
Appendix	5.6-A12-1	 WF95G	Girder	Details	1	of	3	 5.6-A12-1
Appendix	5.6-A12-2	 WF95G	Girder	Details	2	of	3	 5.6-A12-2
Appendix	5.6-A12-3	 WF95G	Eng	Diaphragm	on	Girder	Details		 5.6-A12-3
Appendix	5.6-A12-4	 WF95G	Abutment	Type	Pier	Diaphragm	Details	 5.6-A12-4
Appendix	5.6-A12-5	 WF95G	Fixed	Flush-Face	Diaphragm	at	Intermediate	 

Pier	Details	 5.6-A12-5
Appendix	5.6-A12-6	 WF95G	Fixed	Recessed-Face	Diaphragm	at	Intermediate	 

Pier	Details	 5.6-A12-6
Appendix	5.6-A12-7	 WF95G	Hinge	Diaphragm	at	Intermediate	Pier	Details	 5.6-A12-7
Appendix	5.6-A12-8	 WF95G	Intermediate	Diaphragm	Details	 5.6-A12-8
Appendix	5.6-A13-1 Bulb	Tee	Girder	Details	2	of	3 5.6-A13-1
Appendix	5.6-A13-2	 Bulb	Tee	Girder	Details	3	of	3	 5.6-A13-2
Appendix	5.6-A13-3	 Bulb	Tee	Girder	Miscellaneous	Bearing	Details 5.6-A13-3
Appendix	5.6-A13-4	 W32BTG	Girder	Details	1	of	3	 5.6-A13-4
Appendix	5.6-A14-1	 W38BTG	Girder	Details	1	of	3	 5.6-A14-1
Appendix	5.6-A14-1	 W38BTG	Girder	Details	1	of	3	 5.6-A14-1
Appendix	5.6-A15-1	 W62BTG	Girder	Details	1	of	3	 5.6-A15-1
Appendix	5.6-A16-1	 Tub	Girder	Miscellaneous	Bearing	Details	 5.6-A16-1



WSDOT Bridge Design Manual M 23-50.03 Page xv 
March 2010 

 Contents

Appendix	5.6-A16-2	 Tub	Girder	Details	1	of	3	 5.6-A16-2
Appendix	5.6-A16-3	 Tub	Girder	Details	2	of	3	 5.6-A16-3
Appendix	5.6-A16-4	 Tub	Girder	Details	3	of	3	 5.6-A16-4
Appendix	5.6-A16-5	 Tub	Girder	End	Diaphragm	on	Girder	Details	 5.6-A16-5
Appendix	5.6-A16-6	 Tub	Girder	Raised	Crossbeam	Details	 5.6-A16-6
Appendix	5.6-A17-1	 Tub	S-I-P	Deck	Panel	Girder	Details	1	of	4	 5.6-A17-1
Appendix	5.6-A17-2	 Tub	S-I-P	Deck	Panel	Girder	–	Details	2	of	4	 5.6-A17-2
Appendix	5.6-A17-3	 Tub	S-I-P	Deck	Panel	Girder	–	Details	3	of	4	 5.6-A17-3
Appendix	5.6-A17-4	 Tub	S-I-P	Deck	Panel	Girder	–	Details	4	of	4	 5.6-A17-4
Appendix	5.6-A17-5	 Tub	S-I-P	Deck	Panel	Girder	–	End	Diaphragm	 

on	Girder	Details	 5.6-A17-5
Appendix	5.6-A17-6	 Tub	S-I-P	Deck	Panel	Girder	–	Raised	Crossbeam	Details	 5.6-A17-6
Appendix	5.6-A17-7	 Tub	S-I-P	Deck	Panel	Girder	Miscellaneous	 

Bearing	Details	 5.6-A17-7
Appendix	5.6-A18-1	 Precast	Prestressed	Stay-in-Place	Deck	Panel	Details	 5.6-A18-1
Appendix	5.6-A19-1	 1’-0”	Solid	Slab	Details	1	of	2	 5.6-A19-1
Appendix	5.6-A19-2	 1’-0”	Solid	Slab	Details	2	of	2	 5.6-A19-2
Appendix	5.6-A20-1	 1’-6”	Voided	Details	1	of	2	 5.6-A20-1
Appendix	5.6-A20-2	 1’-6”	Voided	Details	2	of	2	 5.6-A20-2
Appendix	5.6-A21-1	 2’-2”	Voided	Slab	Details	1	of	2	 5.6-A21-1
Appendix	5.6-A21-2	 2’-2”	Voided	Slab	Details	2	of	2	 5.6-A21-2
Appendix	5.6-A21-3	 Voided	Slab	End	Pier	 5.6-A21-3
Appendix	5.6-A21-4	 Hinge	Diaphragm	at	Intermediate	Pier	Details	 5.6-A21-4
Appendix	5.6-A22-1	 Precast	Prestressed	Ribbed	Girder	Details	1	of	2	 5.6-A22-1
Appendix	5.6-A22-2	 Precast	Prestressed	Ribbed	Girder	Details	2	of	2	 5.6-A22-2
Appendix	5.6-A22-3	 Precast	Prestressed	Ribbed	Girder	Pier	Details	 5.6-A22-3
Appendix	5.6-A23-1	 Precast	Prestressed	Double	T	Details	1	of	2	 5.6-A23-1
Appendix	5.6-A23-2	 Precast	Prestressed	Double	T	Details	2	of	2	 5.6-A23-2
Appendix	5.6-A24-1	 W35DG	Deck	Bulb	Tee	Girder	Details	1	of	2	 5.6-A24-1
Appendix	5.6-A24-2	 W35DG	Deck	Bulb	Tee	Girder	Details	2	of	2	 5.6-A24-2
Appendix	5.6-A24-3	 W35DG	Deck	Bulb	Tee	Diaphragm	Details	 5.6-A24-3
Appendix	5.6-A25-1	 W41DG	Bulb	Tee	Girder	Details	1	of	2	 5.6-A25-1
Appendix	5.6-A25-2	 W41DG	Bulb	Tee	Girder	Details	2	of	2	 5.6-A25-2
Appendix	5.6-A25-3	 W41DG	Deck	Bulb	Tee	Girder	Diaphragm	Details	 5.6-A25-3
Appendix	5.6-A26-1	 W53DG	Bulb	Tee	Girder	Details	1	of	2	 5.6-A26-1
Appendix	5.6-A26-2	 W53DG	Bulb	Tee	Girder	Details	2	of	2	 5.6-A26-2
Appendix	5.6-A26-3	 W53DG	Deck	Bulb	Tee	Diaphragm	Details	 5.6-A26-3
Appendix	5.6-A27-1	 W65DG	Deck	Bulb	Tee	Girder	Details	1	of	2	 5.6-A27-1
Appendix	5.6-A27-2	 W65DG	Deck	Bulb	Tee	Girder	Details	2	of	2	 5.6-A27-2
Appendix	5.6-A27-3	 W65DG	Deck	Bulb	Tee	Girder	Diaphragm	Details	 5.6-A27-3
Appendix	5.6-A27-4	 Deck	Bulb	Tee	Girder	Diaphragm	Details	 5.6-A27-4
Appendix	5.9-A1-1	 WF74PTG	Spliced	Girders	Details	1	of	5	 5.9-A1-1
Appendix	5.9-A1-2	 WF74PTG	Spliced	Girder	Details	2	of	5	 5.9-A1-2
Appendix	5.9-A1-3	 Spliced	Girder	Details	3	of	5	 5.9-A1-3
Appendix	5.9-A1-4	 WF74PTG	Girder	Details	4	of	5	 5.9-A1-4
Appendix	5.9-A1-5	 Spliced	Girder	Details	5	of	5	 5.9-A1-5
Appendix	5.9-A2-1	 WF83PTG	Spliced	Girder	Details	1	of	5	 5.9-A2-1
Appendix	5.9-A2-2	 WF83PTG	Spliced	Girder	Details	2	of	5	 5.9-A2-2
Appendix	5.9-A2-4	 WF83PTG	Spliced	Girder	Details	4	of	5	 5.9-A2-3
Appendix	5.9-A3-1	 WF95PTG	Spliced	Girder	Details	1	of	5	 5.9-A3-1
Appendix	5.9-A3-2	 WF95PTG	Spliced	Girder	Details	2	of	5	 5.9-A3-2
Appendix	5.9-A3-4	 WF95PTG	Spliced	Girder	Details	4	of	5	 5.9-A3-3
Appendix	5.9-A4-1	 Tub	Spliced	Girder	Miscellaneous	Bearing	Details	 5.9-A4-1
Appendix	5.9-A4-2	 Tub	Spliced	Girder	Details	1	of	5	 5.9-A4-2



Page xvi WSDOT Bridge Design Manual M 23-50.03 
 March 2010

Contents 

Appendix	5.9-A4-3	 Tub	Spliced	Girder	Details	2	of	5	 5.9-A4-3
Appendix	5.9-A4-4	 Tub	Spliced	Girder	Details	3	of	5	 5.9-A4-4
Appendix	5.9-A4-5	 Tub	Spliced	Girder	Details	4	of	5	 5.9-A4-5
Appendix	5.9-A4-6	 Spliced	Tub	Girder	Details	5	of	5	 5.9-A4-6
Appendix	5.9-A4-7	 Tub	Sliced	Girder	End	Diaphragm	on	Girder	Details	 5.9-A4-7
Appendix	5.9-A4-8	 Tub	Sliced	Girder	Raised	Crossbeam	Details	 5.9-A4-8
Appendix	5.9-A5-1	 Tub	S-I-P	Deck	Panel	Spliced	Girder	Details	1	of	5	 5.9-A5-1
Appendix	5.9-A5-2	 Tub	S-I-P	Deck	Panel	Spliced	Girder	–	Details	2	of	5	 5.9-A5-2
Appendix	5.9-A5-3	 Tub	S-I-P	Deck	Panel	Spliced	Girder	–	Details	3	of	5	 5.9-A5-3
Appendix	5.9-A5-4	 Tub	S-I-P	Deck	Panel	Spliced	Girder	–	Details	4	of	5	 5.9-A5-4
Appendix	5.9-A5-5	 Tub	S-I-P	Deck	Panel	Spliced	Girder	–	Details	5	of	5	 5.9-A5-5
Appendix	5.9-A5-6	 Tub	S-I-P	Deck	Panel	Girder	–	End	Diaphragm	on	 

Girder	Details	 5.9-A5-6
Appendix	5.9-A5-7	 Tub	S-I-P	Deck	Panel	Girder	–	Raised	Crossbeam	Details	 5.9-A5-7

Appendix	5-B1	 “A”	Dimension	for	Precast	Girder	Bridges	 5-B1-1
Appendix	5-B2	 Pre-approved	Post-Tensioning	Anchorages	 5-B2-1
Appendix	5-B3	 Existing	Bridge	Widenings	 5-B3-1
Appendix	5-B4	 P.T.	Box	Girder	Bridges	Single	Span	 5-B4-1
Appendix	5-B5	 Prestressed	Girder	Design	Example	 5-B5-1
Appendix	5-B6	 Cast-in-Place	Slab	Design	Example	 5-B6-1
Appendix	5-B7	 Precast	Concrete	Stay-In-Place	(SIP)	Deck	Panel	 5-B7-1
Appendix	5-B8	 W35DG	Deck	Bulb	Tee,	48"	Wide	 5-B8-1
Appendix	5-B9  Prestressed	Voided	Slab	with	Cast-in-Place	Topping	 5-B9-1
Appendix	5-B10	 Positive	EQ	Reinforcement	at	Interior	Pier	of	a	 

Prestressed	Girder	 5-B10-1
Appendix	5-B11	 LRFD	Wingwall	Design-Vehicle	Collision	 5-B11-1
Appendix	5-B12	 Flexural	Strength	Calculations	for	Composite	T-Beams	 5-B12-1
Appendix	5-B13	 Strut-and-Tie	Model	Design	Example	for	Hammerhead	Pier	 5-B13-1
Appendix	5-B14	 Shear	and	Torsion	Capacity	of	a	Reinforced	Concrete	Beam	 5-B14-1
Appendix	5-B15	 Sound	Wall	Design	-	Type	D-2k	 5-B15-1



WSDOT Bridge Design Manual M 23-50.03 Page xvii 
March 2010 

 Contents

Chapter 6 Structural Steel
6.0 Structural Steel 6.0-1

6.0.1	 Introduction	 6.0-1

6.1 Design Considerations 6.1-1
6.1.1	 Codes,	Specification,	and	Standards	 6.1-1
6.1.2	 Preferred	Practice	 6.1-1
6.1.3	 Preliminary	Girder	Proportioning	 6.1-2
6.1.4	 Estimating	Structural	Steel	Weights	 6.1-2
6.1.5	 Bridge	Steels	 6.1-4
6.1.6	 Available	Plate	Sizes	 6.1-5
6.1.7	 Girder	Segment	Sizes	 6.1-5
6.1.8	 Computer	Programs	 6.1-6
6.1.9	 Fasteners	 6.1-6

6.2 Girder Bridges 6.2-1
6.2.1	 General	 6.2-1
6.2.2	 I-Girders	 6.2-1
6.2.3	 Tub	or	Box	Girders	 6.2-2
6.2.4	 Fracture	Critical	Superstructures	 6.2-3

6.3 Design of I-Girders 6.3-1
6.3.1	 Limit	States	for	LRFD		 6.3-1
6.3.2	 Composite	Section	 6.3-1
6.3.3	 Flanges	 6.3-1
6.3.4	 Webs	 6.3-2
6.3.5	 Transverse	Stiffeners	 6.3-2
6.3.6	 Longitudinal	Stiffeners	 6.3-2
6.3.7	 Bearing	Stiffeners	 6.3-2
6.3.8	 Crossframes	 6.3-3
6.3.9	 Bottom	Laterals	 6.3-4
6.3.10	 Bolted	Field	Splice	for	Girders	 6.3-4
6.3.11	 Camber	 6.3-5
6.3.12	 Roadway	Slab	Placement	Sequence	 6.3-6
6.3.13	 Bridge	Bearings	for	Steel	Girders	 6.3-7
6.3.14	 Surface	Roughness	and	Hardness	 6.3-7
6.3.15	 Welding	 6.3-8
6.3.16	 Shop	Assembly	 6.3-10

http://www.wsdot.wa.gov/publications/manuals/fulltext/M23-50/Chapter6.pdf


Page xviii WSDOT Bridge Design Manual M 23-50.03 
 March 2010

Contents 

6.4 Plan Details 6.4-1
6.4.1	 General	 6.4-1
6.4.2	 Structural	Steel	Notes	 6.4-1
6.4.3	 Framing	Plan	 6.4-1
6.4.4	 Girder	Elevation	 6.4-1
6.4.5	 Typical	Girder	Details	 6.4-2
6.4.6	 Crossframe	Details	 6.4-2
6.4.7	 Camber	Diagram	and	Bearing	Stiffener	Rotation	 6.4-2
6.4.8	 Roadway	Slab	 6.4-3
6.4.9	 Handrail	Details	and	Inspection	Access	 6.4-3
6.4.10	 Box	Girder	Details	 6.4-3

6.5 Shop Plan Review 6.5-1

6.99 References 6.99-1

6.4-A1	 Framing	Plan	 6.4-A1
6.4-A2	 Girder	Elevation	 6.4-A2
6.4-A3	 Girder	Details	 6.4-A3
6.4-A4	 Steel	Plate	Girder	Field	Splice	 6.4-A4
6.4-A5	 Steel	Plate	Girder	Crossframes	 6.4-A5
6.4-A6	 Steel	Plate	Girder	Camber	Diagram	 6.4-A6
6.4-A7	 Steel	Plate	Girder	Roadway	Section	 6.4-A7
6.4-A8	 Steel	Plate	Girder	Slab	Plan	 6.4-A8
6.4-A9	 Handrail	 6.4-A9
6.4-A10	 Box	Girder	Geometrics	and	Proportions	 6.4-A10
6.4-A11	 Example	Box	Girder	Details	 6.4-A11
6.4-A12	 Example	Box	Girder	Pier	Diaphragm	Details	 6.4-A12
6.4-A13	 Example	Box	Girder	Miscellaneous	Details	 6.4-A13



WSDOT Bridge Design Manual M 23-50.03 Page xix 
March 2010 

 Contents

Chapter 7 Substructure Design
7.1 General Substructure Considerations 7.1-1

7.1.1	 Foundation	Design	Process	 7.1-1
7.1.2	 Foundation	Design	Limit	States		 7.1-4
7.1.3	 Seismic	Design	 7.1-4
7.1.4	 Substructure	and	Foundation	Loads		 7.1-4
7.1.5	 Concrete	Class	for	Substructure	 7.1-5
7.1.6	 Foundation	Seals	 7.1-5

7.2 Foundation Modeling 7.2-1
7.2.1	 General	 7.2-1
7.2.2	 Substructure	Linear	Dynamic	Analysis	Procedure	 7.2-1
7.2.3	 Bridge	Model	Section	Properties	 7.2-2
7.2.4	 Bridge	Model	Verification	 7.2-3
7.2.5	 Deep	Foundation	Modeling	Methods	 7.2-4
7.2.6	 Lateral	Analysis	of	Piles	and	Shafts		 7.2-8
7.2.7	 Spread	Footing	Modeling	 7.2-9

7.3 Column Design 7.3-1
7.3.1	 Preliminary	Plan	Stage	 7.3-1
7.3.2	 General	Column	Criteria	 7.3-1
7.3.3	 Column	Design	Flow	Chart	–	Non-Seismic	Design	 7.3-2
7.3.4	 Slenderness	Effects	 7.3-4
7.3.5	 Moment	Magnification	Method	 7.3-4
7.3.6	 Second-Order	Analysis	 7.3-5
7.3.7	 Shear	Design	 7.3-6

7.4 Column Reinforcement 7.4-1
7.4.1	 Reinforcing	Bar	Material	 7.4-1
7.4.2	 Longitudinal	Reinforcement	Ratio	 7.4-1
7.4.3	 Longitudinal	Splices	 7.4-1
7.4.4	 Longitudinal	Development	 7.4-3
7.4.5	 Transverse	Reinforcement	 7.4-5
7.4.6	 Hinge	Diaphragms	 7.4-8
7.4.7	 Column	Hinges	 7.4-9

7.5 Abutment Design and Details 7.5-1
7.5.1	 Abutment	Types	 7.5-1
7.5.2	 Embankment	at	Abutments	 7.5-3
7.5.3	 Abutment	Loading	 7.5-3
7.5.4	 WSDOT	Temporary	Construction	Load	Cases	 7.5-5
7.5.5	 Abutment	Bearings	and	Girder	Stops	 7.5-5
7.5.6	 Abutment	Expansion	Joints	 7.5-7
7.5.7	 Open	Joint	Details	 7.5-7
7.5.8	 Construction	Joints	 7.5-9
7.5.9	 Abutment	Wall	Design	 7.5-9
7.5.10	 Drainage	and	Backfilling	 7.5-11

http://www.wsdot.wa.gov/publications/manuals/fulltext/M23-50/Chapter7.pdf


Page xx WSDOT Bridge Design Manual M 23-50.03 
 March 2010

Contents 

7.6 Wing/Curtain Wall at Abutments 7.6-1
7.6.1	 Traffic	Barrier	Loads	 7.6-1
7.6.2	 Wingwall	Design	 7.6-1
7.6.3	 Wingwall	Detailing		 7.6-1

7.7 Footing Design 7.7-1
7.7.1	 General	Footing	Criteria	 7.7-1
7.7.2	 Loads	and	Load	Factors		 7.7-2
7.7.3	 Geotechnical	Report	Summary	 7.7-3
7.7.4	 Spread	Footing	Structural	Design	 7.7-4
7.7.5	 Footing	Concrete	Design	on	Pile	Supports	 7.7-10

7.8 Drilled Shafts 7.8-1
7.8.1	 Axial	Resistance	 7.8-1
7.8.2	 Structural	Design	and	Detailing	 7.8-2

7.9 Piles and Piling 7.9-1
7.9.1	 Pile	Types	 7.9-1
7.9.2	 Single	Pile	Axial	Resistance	 7.9-2
7.9.3	 Block	Failure		 7.9-3
7.9.4	 Pile	Uplift		 7.9-3
7.9.5	 Pile	Spacing	 7.9-3
7.9.6	 Structural	Design	and	Detailing	of	CIP	Concrete	Piles	 7.9-3
7.9.7	 Pile	Splices	 7.9-4
7.9.8	 Pile	Lateral	Design	 7.9-4
7.9.9	 Battered	Piles	 7.9-5
7.9.10	 Pile	Tip	Elevations	and	Quantities	 7.9-5
7.9.11	 Plan	Pile	Resistance	 7.9-5

Appendix	7-B-1	 Linear	Spring	Calculation	Method	II	(Technique	I)	 7-B-1-1



WSDOT Bridge Design Manual M 23-50.03 Page xxi 
March 2010 

 Contents

Chapter 8 Walls & Buried Structures
8.1 Retaining Walls 8.1-1

8.1.1	 General	 8.1-1
8.1.2	 Common	Types	of	Walls	 8.1-1
8.1.3	 Design	 8.1-5
8.1.4	 Miscellaneous	Items	 8.1-10

8.2 Miscellaneous Underground Structures 8.2-1
8.2.1	 General	 8.2-1
8.2.2	 Design	 8.2-1
8.2.3	 References	 8.2-4

Appendix	8.1-A	 	Pre-approved	Proprietary	Wall	Systems	 8.1-A1-1
Appendix	8.1-A2-1	 Sew	Wall	Elevation	 8.1-A2-1
Appendix	8.1-A2-2	 Sew	Wall	Elevation	 8.1-A2-2
Appendix	8.1-A3-1	 Soldier	Pile/Tieback	Wall	Elevation	 8.1-A3-1
Appendix	8.1-A3-2	 Soldier	Pile/Tieback	Wall	Details	1	of	2	 8.1-A3-2
Appendix	8.1-A3-3	 Soldier	Pile/Tieback	Wall	Details	2	of	2	 8.1-A3-3
Appendix	8.1-A3-4	 Soldier	Pile/Tieback	Wall	Fascia	Panel	Details	 8.1-A3-4
Appendix	8.1-A3-5	 Soldier	Pile/Tieback	Wall	Detail	Permanent	Ground	 

Anchor	Details	 8.1-A3-5
Appendix	8.1-A3-6	 Soldier	Pile/Tieback	Wall	Permanent	Ground	 

Anchor	Details	 8.1-A3-6
Appendix	8.1-A4-1	 Soil	Nail	Layout	 8.1-A4-1
Appendix	8.1-A4-2	 Soil	Nail	Wall	Section	 8.1-A4-2
Appendix	8.1-A4-3	 Soil	Nail	Wall	Fascia	Panel	Details	 8.1-A4-3
Appendix	8.1-A4-4	 Soldier	Pile/Tieback	Wall	Fascia	Panel	Details	 8.1-A4-4
Appendix	8.1-A5-1	 Noise	Barrier	on	Bridge	 8.1-A5-1
Appendix	8.1-A5-2	 Cable	Fence	–	Top	Mount	 8.1-A5-2
Appendix	8.1-A6-1	 Cable	Fence	 8.1-A6-1
Appendix	8.1-A6-2	 Cable	Fence	–	Top	Mount	 8.1-A6-2

http://www.wsdot.wa.gov/publications/manuals/fulltext/M23-50/Chapter8.pdf


Page xxii WSDOT Bridge Design Manual M 23-50.03 
 March 2010

Contents 

Chapter 9 Bearings & Expansion Joints 
9.1 Expansion Joints 9.1-1

9.1.1	 General	Considerations	 9.1-1
9.1.2	 General	Design	Criteria	 9.1-3
9.1.3	 Small	Movement	Range	Joints		 9.1-4
9.1.4	 Medium	Movement	Range	Joints	 9.1-10
9.1.5	 Large	Movement	Range	Joints	 9.1-13

9.2 Bearings 9.2-1
9.2.1	 General	Considerations	 9.2-1
9.2.2	 Force	Considerations	 9.2-1
9.2.3	 Movement	Considerations	 9.2-1
9.2.4	 Detailing	Considerations	 9.2-2
9.2.5	 Bearing	Types	 9.2-2
9.2.6	 Miscellaneous	Details	 9.2-8
9.2.7	 Contract	Drawing	Representation	 9.2-9
9.2.8	 Shop	Drawing	Review	 9.2-9
9.2.9	 Bearing	Replacement	Considerations	 9.2-9

9.1-A1-1	 Expansion	Joint	Details	Compression	Seal	 9.1-A1-1
9.1-A2-1	 Expansion	Joint	Details	Strip	Seal	 9.1-A2-1
9.1-A3-1	 Silicone	Seal	Expansion	Joint	Details	 9.1-A3-1



WSDOT Bridge Design Manual M 23-50.03 Page xxiii 
March 2010 

 Contents

Chapter 10 Signs, Barriers,Approach Slabs & Utilities 
10.1 Sign and Luminaire Supports 10.1-1

10.1.1	 Loads	 10.1-1
10.1.2	 Bridge	Mounted	Signs	 10.1-2
10.1.3	 Monotube	Sign	Structures	Mounted	on	Bridges	 10.1-6
10.1.4	 Monotube	Sign	Structures	 10.1-6
10.1.5	 Foundations	 10.1-9
10.1.6	 Truss	Sign	Bridges:	Foundation	Sheet	Design	Guidelines	 10.1-12

10.2 Bridge Traffic Barriers 10.2-1
10.2.1	 General	Guidelines	 10.2-1
10.2.2	 Bridge	Railing	Test	Levels	 10.2-1
10.2.3	 Available	WSDOT	Designs	 10.2-2
10.2.4	 Design	Criteria	 10.2-5

10.3 At Grade Traffic Barriers 10.3-1
10.3.1	 Median	Barriers	 10.3-1
10.3.2	 Shoulder	Barriers	 10.3-2
10.3.3	 Traffic	Barrier	Moment	Slab	 10.3-2
10.3.4	 Precast	Traffic	Barrier	 10.3-3

10.4 Bridge Traffic Barrier Rehabilitation 10.4-1
10.4.1	 Policy	 10.4-1
10.4.2	 Guidelines	 10.4-1
10.4.3	 Design	Criteria	 10.4-1
10.4.4	 WSDOT	Bridge	Inventory	of	Bridge	Rails	 10.4-2
10.4.5	 Available	Retrofit	Designs	 10.4-2
10.4.6	 Available	Replacement	Designs	 10.4-2

10.5 Bridge Railing 10.5-1
10.5.1	 Design	 10.5-1
10.5.2	 Railing	Types	 10.5-1

10.6 Bridge Approach Slabs 10.6-1
10.6.1	 Notes	to	Region	for	Preliminary	Plan	 10.6-1
10.6.2	 Approach	Slab	Design	Criteria	 10.6-2
10.6.3	 Bridge	Approach	Slab	Detailing	 10.6-2
10.6.4	 Skewed	Approach	Slabs	 10.6-3
10.6.5	 Approach	Anchors	and	Expansion	Joints	 10.6-4
10.6.6	 Approach	Slab	Addition	or	Retrofit	to	Existing	Bridges	 10.6-5
10.6.7	 Approach	Slab	Staging	 10.6-6

10.7 Traffic Barrier on Approach Slabs 10.7-1
10.7.1	 Approach	Slab	over	Wing	Walls,	Cantilever	Walls	or	 

Geosynthetic	Walls		 10.7-1
10.7.2	 Approach	Slab	over	SE	Walls		 10.7-3



Page xxiv WSDOT Bridge Design Manual M 23-50.03 
 March 2010

Contents 

10.8 Utilities Installed with New Construction 10.8-1
10.8.1	 General	Concepts	 10.8-1
10.8.2	 Utility	Design	Criteria	 10.8-2
10.8.3	 Box	Girder	Bridges	 10.8-3
10.8.4	 Traffic	Barrier	Conduit	 10.8-4
10.8.5	 Conduit	Types	 10.8-5
10.8.6	 Utility	Supports	 10.8-5

10.9 Utility Review Procedure for Installation on Existing Bridges 10.9-1
10.9.1	 Utility	Review	Checklist	 10.9-1

10.10 Drainage Design 10.10-1

10.1-A1-1	 Monotube	Sign	Bridge	Layouts	 10.1-A1-1
10.1-A1-2	 Monotube	Sign	Bridge	Structural	Details	1	 10.1-A1-2
10.1-A1-3	 Monotube	Sign	Bridge	Structural	Details	2	 10.1-A1-3
10.1-A2-1	 Monotube	Cantilever	Layouts	 10.1-A2-1
10.1-A2-2	 Monotube	Cantilever	Structural	Details	1	 10.1-A2-2
10.1-A2-3	 Monotube	Cantilever	Structural	Details	2	 10.1-A2-3
10.1-A3-1	 Monotube	Balanced	Cantilever	Layouts	 10.1-A3-1
10.1-A3-2	 Monotube	Balanced	Cantilever	Structural	Details	1	 10.1-A3-2
10.1-A3-3	 Monotube	Balanced	Cantilever	Structural	Details	2	 10.1-A3-3
10.1-A4-1	 Monotube	Sign	Structure	Foundation	Type	1	–	 

Sheet	1	of	2	 10.1-A4-1
10.1-A4-2	 Monotube	Sign	Structure	Foundation	Type	1	–	 

Sheet	2	of	2	 10.1-A4-2
10.1-A4-3	 Monotube	Foundation	Details	Types	2	and	3	 10.1-A4-3
10.1-A5-1	 Monotube	Sign	Structure	Single	Slope	Traffic	Barrier	 

Foundation		 10.1-A5-1
10.2-A1-1	 Traffic	Barrier	–	Shape	F	Details	1	of	3	 10.2-A1-1
10.2-A1-2	 Traffic	Barrier	–	Shape	F	Details	2	of	3	 10.2-A1-2
10.2-A1-3	 Traffic	Barrier	–	Shape	F	Details	3	of	3	 10.2-A1-3
10.2-A2-1	 Traffic	Barrier	–	Shape	F	Flat	Slab	-	Details	1	of	3	 10.2-A2-1
10.2-A2-2	 Traffic	Barrier	–	Shape	F	Flat	Slab	-	Details	2	of	3	 10.2-A2-2
10.2-A2-3	 Traffic	Barrier	–	Shape	F	Flat	Slab	-	Details	3	of	3	 10.2-A2-3
10.2-A3-1	 Traffic	Barrier	–	Single	Slope	Details	1	of	3	 10.2-A3-1
10.2-A3-2	 Traffic	Barrier	–	Single	Slope	Details	2	of	3	 10.2-A3-2
10.2-A3-3	 Traffic	Barrier	–	Single	Slope	Details	3	of	3	 10.2-A3-3
10.2-A4-1	 Pedestrian	Barrier	Details	1	of	3	 10.2-A4-1
10.2-A4-2	 Pedestrian	Barrier	Details	2	of	3	 10.2-A4-2
10.2-A4-3	 Pedestrian	Barrier	Details	3	of	3	 10.2-A4-3
10.2-A5-1A	 Traffic	Barrier	–	Shape	F	42″	Details	1	of	3	(TL-4)	 10.2-A5-1
10.2-A5-1B	 Traffic	Barrier	–	Shape	F	42″	Details	1	of	3	(TL-5)	 10.2-A5-2
10.2-A5-2A	 Traffic	Barrier	–	Shape	F	42″	Details	2	of	3	(TL-4)	 10.2-A5-1
10.2-A5-2B	 Traffic	Barrier	–	Shape	F	42″	Details	2	of	3	(TL-5)	 10.2-A5-2
10.2-A5-3	 Traffic	Barrier	–	Shape	F	42″	Details	3	of	3	(TL-4	and	TL-5)	 10.2-A5-3
10.2-A6-1A	 Traffic	Barrier	–	Single	Slope	42″	Details	1	of	3	(TL-4)	 10.2-A6-1
10.2-A6-1B	 Traffic	Barrier	–	Single	Slope	42″	Details	1	of	3	(TL-5)	 10.2-A6-2
10.2-A6-2A	 Traffic	Barrier	–	Single	Slope	42″	Details	2	of	3	(TL-4)	 10.2-A6-3
10.2-A6-2B	 Traffic	Barrier	–	Single	Slope	42″	Details	2	of	3	(TL-5)	 10.2-A6-4



WSDOT Bridge Design Manual M 23-50.03 Page xxv 
March 2010 

 Contents

10.2-A6-3	 Traffic	Barrier	–	Single	Slope	42″	Details	3	of	3	 
(TL-4	and	TL-5)	 10.2-A6-5

10.2-A7-1	 Traffic	Barrier	–	Shape	F	Luminaire	Anchorage	Details	 10.2-A7-1
10.2-A7-2	 Traffic	Barrier	–	Single	Slope	Luminaire	Anchorage	Details	 10.2-A7-2
10.4-A1-1	 Thrie	Beam	Retrofit	Concrete	Baluster	 10.4-A1-1
10.4-A1-2	 Thrie	Beam	Retrofit	Concrete	Railbase	 10.4-A1-2
10.4-A1-3	 Thrie	Beam	Retrofit	Concrete	Curb	 10.4-A1-3
10.4-A1-4	 WP	Thrie	Beam	Retrofit	SL1	–	Details	1	of	2	 10.4-A1-4
10.4-A1-5	 WP	Thrie	Beam	Retrofit	SL1	–	Details	2	of	2	 10.4-A1-5
10.4-A2-1	 Traffic	Barrier	–	Shape	F	Rehabilitation	–	Details	1	of	3	 10.4-A2-1
10.4-A2-2	 Traffic	Barrier	–	Shape	F	Rehabilitation	–	Details	2	of	3	 10.4-A2-2
10.4-A2-3	 Traffic	Barrier	–	Shape	F	Rehabilitation	–	Details	3	of	3	 10.4-A2-3
10.5-A1-1	 Bridge	Railing	Type	Pedestrian	Details	1	of	2	 10.5-A1-1
10.5-A1-2	 Bridge	Railing	Type	Pedestrian	Details	2	of	2	 10.5-A1-2
10.5-A2-1	 Bridge	Railing	Type	BP	Details	1	of	2	 10.5-A2-1
10.5-A2-2	 Bridge	Railing	Type	BP	Details	2	of	2	 10.5-A2-2
10.5-A3-1	 Bridge	Railing	Type	S	-BP	Details	1	of	2	 10.5-A3-1
10.5-A3-2	 Bridge	Railing	Type	S	-BP	Details	2	of	2	 10.5-A3-2
10.5-A4-1	 Pedestrian	Railing	Details	1	of	2	 10.5-A4-1
10.5-A4-2	 Pedestrian	Railing	Details	2	of	2	 10.5-A4-2
10.5-A5-1	 Bridge	Railing	Type	Chain	Link	Snow	Fence	 10.5-A5-1
10.5-A5-2	 Bridge	Railing	Type	Chain	Link	Fence	 10.5-A5-2
10.6-A1-1	 Bridge	Approach	Slab	Details	1	of	3	 10.6-A1-1
10.6-A1-2	 Bridge	Approach	Slab	Details	2	of	3	 10.6-A1-2
10.6-A1-3	 Bridge	Approach	Slab	Details	3	of	3	 10.6-A1-3
10.6-A2.1	 Pavement	Seat	Repair	using	Concrete	 10.6-A2-1
10.6-A2.2	 Pavement	Seat	Repair	using	Steel	T-section	 10.6-A2-2
10.8-A1.1	 Hanger	Details	for	Prestressed	Girders		 10.8-A1-1
10.8-A1.2	 Hanger	Details	for	Spread	Concrete	Box	Girders	 10.8-A1-2
10.9-A1.1	 Guideline	Details	for	Utility	Installation	on	Existing	Bridges	 10.9-A1-1
10.10-A1.1	 Bridge	Drain	Modification	 10.10-A11
10.10-A1.2	 Bridge	Drain	Modification	for	Types	2	thru	5	 10.10-A12

Chapter 11 Detailing Practice 
11.1 Detailing Practice 11.1-1

11.1.1	 Standard	Office	Practices	 11.1-1
11.1.2 Bridge	Office	Standard	Drawings	and	Office	Examples	 11.1-8
11.1.3 Plan	Sheets	 11.1-8
11.1.4	 Electronic	Plan	Sharing	Policy	 11.1-11
11.1.5	 Structural	Steel	 11.1-11
11.1.6 Aluminum	Section	Designations	 11.1-13
11.1.7 Abbreviations	 11.1-14

Appendix	11.1-A1	 	 11.1-A1-1
Appendix	11.1-A2	 	 11.1-A2-1
Appendix	11.1-A3	 	 11.1-A3-1

11.1-A4-1	 Footing	Layout	 11.1-A4-1



Page xxvi WSDOT Bridge Design Manual M 23-50.03 
 March 2010

Contents 

Chapter 12 Quantities, Cost, & Specifications
12.1 Quantities - General 12.1-1

12.1.1	 Cost	Estimating	Quantities	 12.1-1
12.1.2	 Not	Included	in	Bridge	Quantities	List	 12.1-1

12.2 Computation of Quantities 12.2-1
12.2.1	 Responsibilities	 12.2-1
12.2.2	 Procedure	for	Computation	 12.2-1
12.2.3	 Data	Source	 12.2-2
12.2.4	 Accuracy	 12.2-2
12.2.5	 Excavation	 12.2-2
12.2.6	 Shoring	or	Extra	Excavation,	Class	A	 12.2-6
12.2.7	 Piling	 12.2-8
12.2.8	 Conduit	Pipe	 12.2-8
12.2.9	 Private	Utilities	Attached	To	Bridge	Structures	 12.2-9
12.2.10	 Drilled	Shafts	 12.2-9

12.3 Construction Costs 12.3-1
12.3.1	 Introduction	 12.3-1
12.3.2	 Factors	Affecting	Costs	 12.3-1
12.3.3	 Development	of	Cost	Estimates	 12.3-2

12.4 Construction Specifications and Estimates 12.4-1
12.4.1	 General	 12.4-1
12.4.2	 Definitions	 12.4-1
12.4.3	 General	Bridge	S&E	Process	 12.4-1
12.4.4	 Reviewing	Bridge	Plans	 12.4-3
12.4.5	 Preparing	the	Bridge	Cost	Estimates	 12.4-4
12.4.6	 Preparing	the	Bridge	Specifications	 12.4-4
12.4.7	 Preparing	the	Bridge	Working	Day	Schedule	 12.4-5
12.4.8	 Reviewing	Projects	Prepared	by	Consultants	 12.4-6
12.4.9	 Submitting	the	PS&E	Package	 12.4-6
12.4.10	 PS&E	Review	Period	and	Turn-in	for	AD	Copy	 12.4-7

Appendix	12.1-A1	 Not	Included	In	Bridge	Quantities	List		 12.1-A1-1
Appendix	12.2-A1	 Bridge	Quantities	 12.2-A1-1
Appendix	12.3-A1	 Bridge	and	Structures	Structural	Estimating	Aids	 

Construction	Costs	 12.3-A1-1
Appendix	12.3-A2	 Bridge	and	Structures	Structural	Estimating	Aids	 

Construction	Costs	 12.3-A2-1
Appendix	12.3-A3	 Bridge	and	Structures	Structural	Estimating	Aids 

Construction	Costs	 12.3-A3-1
Appendix	12.3-A4	 Bridge	and	Structures	Structural	Estimating	Aids	 

Construction	Costs	 12.3-A4-1
Appendix	12.4-A1	 Special	Provisions	Checklist	 12.4-A1-1
Appendix	12.4-A2	 Bridge	and	Structures	Structural	Estimating	Aids	 

Construction	Time	Rates	 12.4-A2-1
Appendix	12.3-B1	 Cost	Estimate	Summary	 12.3-B1-1
Appendix	12.4-B1	 Construction	Working	Day	Schedule	 12.4-B1-1

http://www.wsdot.wa.gov/publications/manuals/fulltext/M23-50/Chapter12.pdf


WSDOT Bridge Design Manual M 23-50.03 Page xxvii 
March 2010 

 Contents

Chapter 13 Bridge Load Rating
13.1 General 13.1-1

13.1.1	 WSDOT	Rating	(LRFR)	 13.1-2
13.1.2	 NBI	Rating	(LFR)	 13.1-8

13.2 Special Rating Criteria 13.2-1
13.2.1	 Dead	Loads	 13.2-1
13.2.2	 Live	Load	Distribution	Factors	 13.2-1
13.2.3	 Reinforced	Concrete	Structures	 13.2-1
13.2.4	 Concrete	Decks	 13.2-1
13.2.5	 Concrete	Crossbeams	 13.2-1
13.2.6	 In-Span	Hinges	 13.2-2
13.2.7	 Concrete	Box	Girder	Structures	 13.2-2
13.2.8	 Prestressed	Concrete	Girder	Structures	 13.2-2
13.2.9	 Concrete	Slab	Structures	 13.2-2
13.2.10	 Steel	Structures	 13.2-2
13.2.11	 Steel	Floor	Systems	 13.2-2
13.2.12	 Steel	Truss	Structures	 13.2-2
13.2.13	 Timber	Structures	 13.2-3
13.2.14	 Widened	or	Rehabilitated	Structures	 13.2-3
13.2.15  13.2-3

13.3 Load Rating Software 13.3-1

13.4 Load Rating Reports 13.3-3

13.5 Bibliography  13.5-1

Appendix	13.4-A1	 Bridge	Rating	Summary	 13.4-A1-1

http://www.wsdot.wa.gov/publications/manuals/fulltext/M23-50/Chapter13.pdf


Page xxviii WSDOT Bridge Design Manual M 23-50.03 
 March 2010

Contents 




